The anthocyanins 1-3 and 4-6 were isolated from the red flowers of two Clematis cultivars, 'Niobe' and 'Madame Julia Correvon', respectively. An absorption maximum of anthocyanin 1 in 0.01% MeOH-HCl was observed at 331 nm, with Band I (530 nm) and Band II (285 nm) showing that the compound was acylated with an aromatic acid, such as caffeic acid. The percentage of the absorbance ratio at 440 nm and the visible maximum (E 440 /E max ) was Table 1 : 1 H NMR spectral data of anthocyanins in DMSO-d 6 :TFA (9:1) (400 MHz). *Ferulic acid, **Succinic acid, ( ) = coupling constants (J = Hz). 24%, indicating the presence of substituted 3-hydroxyl and free 5-hydroxyl groups. On addition of AlCl 3 , Band I was bathochromically shifted, showing the presence of a free ortho-dihydroxyl group in ring B [5] . Caffeic acid was produced by alkaline hydrolysis of 1. Complete acid hydrolysis of the anthocyanin liberated cyanidin, galactose, glucose and caffeic acid. On the other hand, cyanidin 3-O-galactoside (idaein) was produced by mild acid hydrolysis. The LC-MS of 1 gave a molecular ion peak at m/z 773 [M] + , calcd. for C 36 H 37 O 19 , showing the attachment of each mole of galactose, glucose and caffeic acid to cyanidin. Thus, 1 was characterized as cyanidin 3-O-caffeoylglucosylgalactoside. The 1 H NMR spectrum (Table 1 ) of 1 exhibited six aromatic protons and their chemical shifts were identical with those of cyanidin. Five caffeoyl protons, H-2, H-5, H-6, H-α and H-β appeared between δ 6.09 and 7.33. Since the coupling constants of H-α (δ 6.09) and H-β (δ 7.33) are both J = 15.9 Hz, caffeic acid is in the E-form. Two anomeric protons of the sugar moieties were assigned at δ 5.44 (d, J = 7.6 Hz, galactose) and δ 5.03 (d, J = 8.1 Hz, glucose), so that these sugars were determined to be in the β-pyranose form, based on their observed J values. The interglycosidic linkage in 1 was determined as glucosyl-(1→2)-galactose from the HMBC correlation between the glucosyl anomeric proton at δ 5.03 and the C-2 signal of galactose at δ 77.7 (Table  2 ). This was confirmed by COSY and NOESY. The acylglycosyl linkage was shown as caffeoyl-(1→2)glucose from the HMBC correlation between the glucosyl H-2 proton signal at δ 4.60 and the carbonyl carbon signal of caffeic acid at δ 166.3. From the results described above, 1 was identified as cyanidin 3-O-β-(2´´-Ecaffeoylglucopyranosyl)-(1→2)-O-β-galactopyranoside, which was found in nature for the first time.
Anthocyanin 2 liberated cyanidin, glucose, galactose and caffeic acid by complete acid hydrolysis. A deacylated anthocyanin produced by alkaline hydrolysis was identical with that of 1, i.e. cyanidin 3-O-glucosyl-(1→2)galactoside. Cyanidin3-O-galacto-side was liberated as an intermediate by mild acid hydrolysis. Since the molecular ion peak at m/z 859 [M] + , calcd for C 39 H 39 O 22 , appeared in the LC-MS, the attachment of each mole of glucose, galactose, caffeic acid and malonic acid to cyanidin was shown. In the 1 H NMR spectrum, six cyanidin aromatic, five caffeic acid aromatic, and sugar protons appeared, together with a proton signal at δ 3.41, corresponding to Anthocyanin 5 also produced cyanidin, glucose, galactose, glucuronic acid and caffeic acid by complete acid hydrolysis. A deacylated anthocyanin, which was identical with that of 4 [cyanidin 3-O-glucosyl-(1→2)-galactoside-3´-O-glucuronide], was liberated by alkaline hydrolysis. Since the molecular ion peak at m/z 1035 [M] + , calcd for C 45 H 47 O 28 , was indicated by LC-MS, the additional attachment of one mole of malonic acid to anthocyanin 4 was confirmed. In the 1 H NMR spectrum, a proton signal at δ 3.35 appeared, corresponding to malonic CH 2 , along with the signals for cyanidin, the aromatic protons of caffeic acid, and those belonging to the sugar. It was shown by the downfield shift of the C-6 signal of galactose (δ 64.5) that malonic acid is attached to the 6-position of galactose. Moreover, the attachment of E-caffeic acid to the 2´-position of glucose was confirmed by the HMBC correlation between the glucosyl H-2 proton signal at [3, 6] .
Six anthocyanins were isolated and identified in this survey. They are variously acylated with caffeic, ferulic, malonic and succinic acids. Furthermore, three (4-6) were glycosylated with glucuronic acid at the 3´-position. Anthocyanin glucuronides have been reported from a few plant species, for example, cyanidin 3-Omalonylglucuronylglucoside from the flowers of Helenium cv. 'Bruno' (Asteraceae) [7] , cyanidin 3-O-glucuronyl-(1→2)-(4´´-malonylglucoside), cyanidin 3-O-glucuronyl-(1→2)-glucoside, and cyanidin 3-O-glucuronyl-(1→2)-(6´´-malonylglucoside) from the flowers of Bellisperennis 'Super Siberius Crimson' (Asteraceae) [8, 9] . Three very rare anthocyanin-flavonol complexes based on (cyanidin 3-O-glucoside)-(kaempferol 3-O-sophoroside-7-Oglucuronide)-malonates werereported from the flowers of Allium schoenoprasum (Liliaceae sensu lato) [10] . In the family Ranunculaceae, in which the genus [12] . The chemical structures of these anthocyanins are very similar to those obtained from the red Clematis species in this survey. They consist of galactose, glucose, glucuronic acid, caffeic acid, malonic acid, and sometimes succinic acid and ferulic acid. Moreover, galactose was attached to the 3-position of the anthocyanidin, glucose to the 2-positon of galactose, either caffeic or ferulic acid to the 2-position of glucose, and glucuronic acid to the 3´-position of either cyanidin or delphinidin. Of the six anthocyanins isolated in this survey, 4-6 were widely distributed in 37 red flower cultivars, but 1-3 were only found in two (Table 3 ). Though five flavonol glycosides were also found in the flowers of Clematis cultivars, they may not act as flower pigments. They were found in 'Madame Julia Correvon' as minor compounds, but could not be detected in 'Niobe'. Many purple and blue-purple flower cultivars are present in Clematis. It has been reported that their anthocyanins are glycosides based on delphinidin [4] . We are now in the process of the isolation and complete identification of their anthocyanins.
